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(54) LIGHT EMISSION DEVICE OF NITRIDE SEMICONDUCTOR 



(57) Abstract: 



PURPOSE: A light emission device of nitride semiconductor is 
provided to prevent carriers from overflowing in an active region by 
using a multiple quantum barrier or an electron cutoff layer. 
CONSTITUTION: Active layers(5, 6) are made of a compound 
semiconductor of gallium nitride. A plurality of multiple quantum 
barriers(7, 8) are formed on the upper side of the active layer(5, 6) "<*» 
or formed on the lower side of the active layer, so that the energy 
band having the plurality of multiple quantum barriers(7, 8) is 
obtained. A light wave guide layer(9) of gallium nitride is formed on 
the active layer(7, 8) or the upper side and the lower side of the 
multiple quantum barriers(7, 8). The active layer(7, 8) is formed as 
the structure of a multiple quantum well. 
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(19) ^^^^(KR) 
(12) ^7llf^M(A) 



(51) „ Int. CI. 7 
H01L 33/00 



(11) *7fl aiS. ^-2001 -0077971 
(43) * 7fl^4 2001^08^20°^ 



(21) i^s. 

(22) #€114 



10-2001-0001550 
2001\101 J Bll < y 



(30) -^Til^J- 1020000005736 2000^02108^ tfl*t D J^(KR) 

(71) #€°J #^€4^34 

°1^£ 

<r«4 n H^3^ 314^4 

(72) «^4 

7j7l£^^miH 1 4£*488^^444£106 : i-1304:i: 

T^l^^W^M*^ 1 444^7*4043: 
^« 

4 ^ €*^€-4-§:44H 106*504i 

3 7] 5L^^1 ***! <?>44H533*706:i: 

4-§r^^l£^W§-21 -60S H i^5# 

*1 -§-S-<| ^1*4^44*64 . 93 -f 4 4^4402 

3 71 £44^1*44^ ^Ji4 3 7} 44=504*8035: 



(74) tfflH]°J 



(54) £5=*l) 4i4 



ii4 



£ GaN* *fl*4 451*1 44^4°114 S£ ?1) A °1 (carrier) ^"^H 4^Rr 5fl e| <H £«1 #S.-f (car 

rier overflow) « ^S314* #°l7l 34 ^l^fe 45131 444i4<Hl 4*11 71)43 4 °)4. 4 AlGa 

N/GaN- 2 ! ^*°1 4^31 3*4 4* 44 43 ^ AlGaN/InGaNS] ^*<>1 4^3 iJ=Bfl4 ^ 4- o^}. 
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4^ (Strain - compensating multiple quantum barrier)^ IMe!* 3 ! 4^ ^ 4^ ^ U ^°\] 4*14^ 

Hi £5: 
£ 4 

£ l£ <£4 7>4 HjSSfl 7 fl§H T*! ^£°14. 

£ 2fe £ 1^1 44 4^* 7>^1 wJrS^l I^^H 44 44 43 (electron blocking barrier) ^ 44^ ^i*] 

Bjls. 4°H ^°14. 

£ 3£ €• ^3 ^11 ^HH 34 *l|eM £H.*^-f4 ^J=Efl4 44i Al x G ai . x N/GaN 4^ 44 4 

^ A^Ga^ N/In y Ga,. y N iS.5114 £-4 4^ 44 43 (Strain - Compensating Multiple Quantum Barri 
er)* 4«14£r #5^] 44E<>14. 

£ 4tt £ 3<H1 E*14 44^43 41 M 4 HEH 4°H ^^14. 

£5r^ a02 2«t£4^ 4^ =r4°-3.*l, Al x G ai . x N/GaN 4^ 44 4 

3 ^£ Al x Gai. B N/In y Ga,. y N S-4 4^ 44 43* 44 4E*fl £4^43 44E°14. 

51 6£ E 5i £Altb £4^43 B lE 40H ^^°14. 

£7*^ X| 3 ^AHofl 4$ ^gjo} ^.y#s.^4 ^sefl<?l 4^ ^4-°S-4 Al x G ai . x N/GaN 4^ 44 4 

3 Al x G ai . x N/In y G ai . y N iHefl4 ntf 4^ 44 43* 44 4E*II 4:4^42] t3 ttS.°W. 

£8fS 7<H| E*14 4E31 44^43 <H|u|4 B|= 4°H ^°14. 

£9r£ 3°11 E*14 44^47} 4rr Al x G ai . x N/In y Ga,. y N ^H5ll4 JL4 4^ 44 433 44 44 

^(electron reflectivity) * 444 ^.2fl = °14. 

E 10^ 7l#°fl 44 4^£ £±r 4E*H 44^44 £ 4^3 4*HH S^SV ?H&)ol il^] 

°J 4± 4^ 44 43* 4E*fl 44^43 Li ^H* 44<£ ^2fl^°14. 

£ 11-& £ 4^3 ^14 4*HH1 34 4E*ll 44^43 44ec>14. 
e 12^ e lH E.^l«t «1E^1 ^^4^1 °H^i^l 4°l°i^.^°14. 

Z. 13£ ^ ofl ofl A>-g-eV XH eflol^ 4oliH^o)]Ai ^^ev 2)M;«| 4°1£^ ^rfl^olc}. 

£ 14^ €■ ^« 4-g-« ^11 41^1 X]3 n°W ^°}SL^2] ^-0]=. ^ai-i- 4^ a an = al4. 

£ 15 HW £ 17^ 44 ^ 4-8-tt ^1 ^fl^l ^13 511 ol 4 4<=»l^H^fil f£E ^41- 44\5 ^^fls 

^14. 
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l:In x G ai _ x 2:In y Gai_ y Nt 

3:44 44 4^ (electron blocking barrier) ^(Al z G ai _ z N) 

4, 9:f£4? 5:In x G ai . x N#(4£ InGaN# 4£ GaN*) 

6:In y G ai . y N*(4£ GaN# 4£ AlGaN*) 

7:AlGaN* 8:GaN* 4£ InGaN* 

40:71$ 42:n^ 44# 45L31* 

44:nH #2flH# 46:n^ £4* 

48:*^* 50:44 44* 

52:pH 54:p^ 4£*11* 

^oj i^fe 7} £ * a £4^1 ^K}|7|# 

£ ^£ #51*1] I^^H #4 *MI*r>Hfc GaN* #51*11 ft*fc*H*l ?fleM (carrier) ^ 

0 tH ^4°} 1^,34^ TflaW (carrier overflow)* ^44^4 iS 5)] °A (strain) * <r SItt 3H*i 

44.sle.4I 4* 344. 

£ 1* #2:*}$, f^s] 451*11 jflojaj 44-SLE 4-& % ^M^Rr 4513] fttf^Kr In y Ga,. y N/In y 

Ga,. y N*(l, 2)-° 3. ol^-^^l 4^ <g*}. -f#(Multi- Quantum Well, 44 MQW44 $4)^2^ #^*(1, 2) 
£ «^*(1,2) 4<Hl £43i>-S 3*4 p-Al x Ga,. x N?fle}4 44*(3) ^ p, n-GaN 4E.4*(4)iL5. ^34 
514. 

£ 2tr 44 4£ 3* oflui*! flE 444^ <L3-4, «y*|. -f# ^2 3 7 fl eq <^ 7 > 4#*<>] ofluixl ^ 

3 o)l 4^44 ^ S1514 ^34 514. 

olei*V oflui*! HEH. 511 °1 ^ 445-E4 4 ^7} ^ 451*11 44^44 4E*1 4*44 ^ ^B], 

4^4 5 §4^ 314*1 44^Efe # 44 3^*44 (Full color display) 4 DVD ^-4 ja^S. 7 J4 pfl^s ^-^^ 

n 4-S-4 f^s.4 a± 444 eU 514. 

4, 4£ 44 7fl a] *HHH ^443i £h 44* 7H^ 344 4444 fl*H4fe 4^* 444 44 
-ojoi i-g-^oiji 44*-fr ^4 ¥44^ 4^7]^ S! 4314 l-M- 

514. o.s 4^4 itf|^s.-fl- 44 444 51 H 51*14 44 44 711343.44 * d 

4 44* (electron blocking layer, 3)4 4^4^ 4$°1 4"g-5l Jl 514. 



GaN 44# 4SL^)1# 7l¥;0.S. 4^ 443^r GaN ^44 «fl°l^|fe GaN4 344t7> ^^14^ 4*°1 ^^4^1 a 
71 tfl«-<H| ^4 MOCVDf-^l ig-Tg 6.S ^4=1^ GaN, InGaN, AlGaN 1^21 f- 4 (quality) °1 #^1 *44. <>1^ 
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4 m^SLS. 4-8-3 InGaNS] 4 o]^9\ 7^44. 444 3HS7)- 4/4471 3*114^ u(|-f &4 4 

4, 4 "A -f S4 ^ ?)leH» ^444 44. c]4°l, 44s] ^ojol 4444 S]4, «^ Stf o}qef, ^ JUL 
443^ GaN4 AlGaN* ASS] ^ s s o. 7> ^ 7 }44 SW jr^oi ^o^ 44447)1 44. °1 

# 7114471 344 £ HI £ Al^ 44 £01, 200A ^44 AlGaN 4<y4.P-S 4^4 ^|^<H 44(carrier 

blocking)** 4^4^ f27} Nichia 4 S4 44 ^f-°114 443s $14. S&|4, AlGaN 4^*3] 4°14 4* 

^u^H- 7 }4^ 7l 3 4* £4. 4|l-14# 7Mfe ?fl^^# 44 (blocking) 47l 

3*114^ Al^l 44(mole fractional €- AlGaN** 444^4 *r^l, °1 44 34447} 43 ^ GaN*43 
47}3?1 iJ=3l°J (additional strain)* *g;44?l 45-3 H «i (crack) * ^443^ 44<>1 44. £4, 3l*34 ?fl 
3<H 44(carrier blocking)* fl*IH*rp$ 4£#3 £4 °1 4^r3431 4434(A1)3 440} ^ AlGaN* i p^S 
#3* 5^43^ *fl4 o^ 3} O.J! 



0 ^*] »I4s4 44 4*11 

^ 01^4 gj-fe 71^2] 434 4* 4^3 7fl443 i?14 *^*i ^ 

44 43 (barrier)* ^ iLal*^*^ 34 3l43 AS 44 (blocking) 443 « S M§* 2^44^ 4i 

n %%±zm WW $14. 

a. ^o] 4^ 4= 7l#^ 4^ 447} 43 (barrier)* ^3 £3*^43^ 34 3L43-P-5L 44(bl 

ockin g )444 ±m°A 3}^4S 71* 44<l£3 443 £4* *<>1^ *W3 <14» 4343 43* 

4£4 * ^ Slfe £4^4* £14. 

t^fi] •■••-4] S 41 

Aj-71 7l#3 4^1* ^43 fl*H. €• 0< x< 1 34 * GaN^l 4^"# S ^7l 

«^#3l #4 ^ 4^-^ 44 AlxGal -x N *4 Ga Nf^ ^#* ^<H£ 2^ £4 ^^«>o| oflu^l ifflH7 r 

7llai 4^ °f4 4^ ^a* 471 4^ « *Hf- f 1 ^J^i ^^4 4^ ^4 4^##* 

^wltb 3* 4^) as stE^l ^%^4# ^1^*4. oH. 471 4^ ^4 4^#*sl M^-lr 4 

4GaN#£4# c> l c] SlS 44 «4**InxGal-x N #4i n yGal-y N *s1 fl# , InxGal -x N *4 A i yG 

al - y N , InxGal - x N *4i„ yAlzGai - y. zNf.«q , InxAsyGa t - x. yN^ In zGal - z N #£] U 
InxAsyGaj -x.yN #4A1 yGal-y N #^^ # * *1 ^^o] 4^3 o^J- ^#5lol 4^ 44 ^ 

^€ 44^44. "H, 0<x< l«lal, 0<y< 1°1J1, 0<z< l 0 lS, x+y< PH, y+z< 1°14. 

a, 471 44 U 44^1 4^ 44 4# 4^*^ 47l Ai x Ga,. x N*4 GaN*5i ^*#44 47l Ai x G ai . x 

471 ¥41: 4^711 4°i 4f- 44 4^#sl i^^i ^# 45711 ^^4t14, 4* 47l 

Ai x G ai . x N*#fil Ai 44* 4^711 *M ^4slfe 4^ 44 4^1:^1 4^4 Si 4434 

4. 

0< x< 1°14 4^, 0< y< 1*14 * 471 4^ 44 4^** AlxGal -xN*4 In yGa 1 -yNf^ ^ 

<H£ 231 014 44 3*4°1 ^^14 «JSH7} 4^431 4^ 44 4^ 4^1- 4^4 4^ 44344. °1 tJ*, 

471 44 44 4^44 47l AlxGal -xN44 In yGa 1 -yN4^ 4 47l AlxGal -xN4# 4*i n yGal - 

yN*!-^ 4^,* 4^711 *M ^^^^44 44 4^*^ 4=t11 ^^4t14, 44 47l AlxGal -x 

N41-2, A lfl 4* 4=^1 4°i ^4£)^ 44 44 4^«^ i^i^l §3* ^^44. 

44, 471 4^ 4^4 4^11- 4^471 ^4^1, 4 4^4 4^44 f^ia ^44^ 5ilol3* 41$ P *i 3 n*8 # 

4°114 P ^ #511^4* 47^Rr tfl4 n^ tElsfsl <Hm4 HE. 4* 42fl°ll «i «q 44 ^t!1 4s, 47l P ^ 
#^44 471 444 4°H 4«ls]^ 4^4^ 71)2101 44 ^4 ^4 34 43 -SjL 4^ 4i^ll 44^4 
1- ^11^44. 
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£4, $7] 4€- 343 4343 343, £ 434 34; 43 34 fl«H| 334 % ^34^ 434; 

7144 43 4333 SIS), ^"71 71 « 44^3-3 4£*J4 434^4 434 n ^ #5flH44 S. 

44^ 31334 34 n3 134; 43 434 43 434 ?1133 434, p3 ^34 35 p3 341 * 

£34; °A 43 434°-5-3 333 444 34 4341 334^ n3 « P 3 444 434fe 34 43i^L §Kr 
i3M3 cfoj^Hlr *11444. 33, 43 n3 1344, 43 n ^§ #3^44 43 433 ?Hl€ n3 £4*; 

^ 43 n3 €3^44 43 34 433 4333 StU 43 n3 444 443 fe n3 441 4£34°-^ 4333 
m. 33 "3 1344 43 n3 #3H44 43 433 434 n3 £4*4 43 n3 #3^*4 4 

7 ] 7 14 a}o]6\) n f§ 3}-41 4£3*1 4344. 43 44344 44 44 41(MQW) T 1 ^! 4^ III - V4 

341 41-1- 45.3434. 



34, 4 433 4333 4£3 44^4, 4 333 43.2-Hl 344 £314 4^43 4343 3344. 



£ 434 GaN4 344 4£3 44^433 §S 44 44 41 333^r 4343 34 3331 434°- 

^3 434^ 333 £3#s4l 3343 34 ^s^, £3^U 83 £34 44 401, 4^ 44 4* ( mu 

ltiple quantum barrier; MQB)4 4343 44 3 44 4 33£ 3^ 343 334 34 43-^ 34. 4 £ 

3«^1 5134 44 ^oi, 44 44 4341(7,8)4 434(5, 6) 4434 33434, £ 53 £34 44 43, 44 
44 4341(7,8)4 434(5, 6) 4^1 * 1H4714, £ 7°fl £^14 44 24 4f 44 (7,8) -ft tt^ 

6) ^ s> « o^oj] ^^tr4. £ 4, £ 6 H £ 8-& 44 £ 3. £ 5 $ £ 73 €*H3 ^1^^ 4°H^ i S 



£ 3 S £ 5* 4^4^, €■ 4€- 4^ 44 43* 4fe u Jr£^l ^±4^ GaN^l 4t«- *£J«|S. ^^4 4 
^ %^#( p l£4) In x Gai. x N#4ln y Ga,. y ^f-, In x Ga!. x N#4Al y Gai. y In x Gai_ 

X N*4 In y Al z Gai y 2 N#3 In x AsyG ai . x . y N#4 In z G ai . z S I^AsyGaj^.y N#4 A 

l y Ga, y N^sl § 6\± 4 ^*ol 4^5] ol4 ^^s)ol 4^ 44 f2S *^*(5. 6)4 ^14 

4. °H, 0<x< l^U, 0<y< 1°U, 0<z< l^U, x +y< l^H,y+z< 1°14. ^51^ *^#(5, 6)<H| 4 

^ oi4si uflui^i* 7>x]fe ?flHl^sl itil#a-f* 44 (blocking) 4fe 44** 4°d4°i 43, 44 £41- 4^4 

§ ^ jg.AHl 44#i 3 4 iS5ll°J5l <^4* ^^4471 fl<W, 44*^-3. AlxGal -xN*4 GaN#3 

AlxGal -xN*4 InyGa , -y N ^ 0 <x < 1. 0< y< 1)* 3<H5L 2*1 °14 44 ^#4^ ^M^l 1EH7> 

4^7fl3 4^ 44 43 fit 4^ iS^l°J a.4 4^ 44 43 (Strain - compensating MQB)#(7, 8)* 4^f^ 

(5, 6) 4^1 4347-14(^1 4^-Hl), 4^*(5, 6) *HM 43(^2 4^H1)44. 
< »13 4^H1> 

4*1, £ 7°H i^-14 44 43, 44 5 443 iH5)14 S-4 4^ 44 41- 434(7, 8)3 Ai x G ai . x N#(7) ^ 
GaN#(8)3 ^41S ^^3^ 7J4ofl^ on- D >4 Al x G ai . x N4(7)l 44 GaN#(8)l-3 4^14 4^711 

43 3^43 44 44 4313 i33 ^34 4^1 ^^434, 44 Ai x G ai . x N4(7)4 34 Ai 444 4^ 
tII 401 4 4 p>4 4313 °1133 ^3# 4^7fl 44. 

£4, 44 ^ 443 i^N?! ti.4 44 44 41 4343 Ai x Ga,_ x N44 ln y G ai „ y N43 ^44 33£ 23 
oi^i-'sj^ al44<^ 34°lli, 3 iH5)14 44 44 4344 ^4!r34 Ai x G ai „ x N4 44 in y Ga 

, y N413 434 4iMl 43 44 44 431:3 °1133 §31- 4^711 434, 44 ^4144 Ai x G ai . x N4 
43 Ai 441 4^711 43 44 44 4313 °1133 §31 4st11 44. 



34 43 334 ^5.^3 ^4 44 44 43 ^4(7, 8)3 44 44 41 4£(5, 6)3 4343 434 ?H331 

44 (carrier blocking) *Rr 33^ 444 44. 
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ffl^o^o] ^3 q^cn 44 44 #3 443 44*41 443 44 JL^ofl 31 43 4<£ 333 ?1133 

#3 (carrier blocking) Ji4 333 iH)|£-?-t 4^3 3 ^Jojc)-. 

£9^*33 AlGaN43* 333 44 #3 (10)4 Al x G ai . x N/GaN 44 44 #3 (11)4 Al x G ai . x N/In y Ga 
!_ y N 4- oj:^ ^ (12 )1 34 ?HeM 44E (carrier reflectivity) 4 344 ^3 = 34. 

e 91- 4244, 4? 44 #33 141 343 4*11 133 43 431 34 133 43*01, 433^ 33 

33 <y#13^ 1* 443 <£ £ ojc]-. s§i Al x Ga,. x N/In y Ga,. y N ^i=34 iL# 4^ 44 #33 3* 

3 44 1333 33343 4443 £4 34 JL433 133 #3 <>-S 4*4 4 34. 3*3, Al x G ai . x N/In 

y G ai . y N iE33 iL# 44 44 #33 7141^ AlGaN3 GaN4 4# 5)1 3 (tensile strain)4 7>34 43 
S- InGaN4 GaN4 44 3 3 (compressive strain) 4 7}*]E.£. ^£33 £L# (strain compensating) 3 
3433 3#3 33(crack)3 ^4*1 &i>-43E 43* 43 44 #31- 3#3« 4 33 34 £4334. 

433 44 43, 4 431 4^ 4E3 4#£4 : fe 43*13 3434H5L3 333 E34s*4 3343 3*11 

434 3 3 4*1 AlGaN/GaN 3* 44 AlGaN/InGaN 344 443^5- ^#34 4^ 44 #3 42:1- ^4. 

3 34 44 #34 4341 &4 43 3334 4^4^ 3*41 4^Kr 333 £3*s*» 334fe £4fe * 

333 *2l3 *33 44 44 (electron blocking) 44 434 42:4 4 4313 344 Al x G ai . x N/Ga 

N 4^ "9=4 #31 3*4 42.3 333 44 434 3^4^3 ^ 434 434 4 34. 



e 104 33 * 423 LI434 444534. *33 3* 42133 LI4 A 3 ^3*(i3)13 44 33 3-fRr 55 

0mA3E34 £ 431 44 344 333 *2:4143 LI 4 A J neflS (14)1^1 §4 7flA] 270mA ^£3 

^o.s ^4 4^4^14 * * 5U4. 4*4 a]s.7> -g-<g*v ?Mes ?H^^i 34 4 °1^-&<>1 

^^44^1 4^4 * t4 7flAi ^^-2] 7j-i^ 4f- *<aA), sl^-^oj i3#^*4 4¥4<^ 

#^4fe 7H3^ *7l- ^7^H 4°1^°1 ^71-4 74^. ^^^4. 



< ^(1 4 *3aH> 

cf^ ^7} 43# tflAi o]-t tfl4^ ^ sife 3l4^4 44 44 #3** ^14^ # eh £44 £ Xife ^ 
3. n^ #311^*4 ^343, p*§ €HflH^ ^34 ^13^1 43E.S1 r|4 %o)v\. 



£ 114 4244, 40^ 3434. 34(40)^ 7)4°J 33 44344, 43^ 44(SiC), 43^ 

(Si), 4#3^(GaAs), 44 43B43E(GaN) ^ 44 444(ZnO)3L 3434 5^ 434 3e 444e *# 
44. 34(40)4 4^4fe #^1 44 ^4-& 34(40)3 341 ^334 34(40) 341 4^4 4 $14. 3 
# 43, 34(40)3 a}^-oi<>i 71^3 34, 343 ^ 34^^s 34 34(40)3 3413 4-S.4 43*4 ^43 
E4 343 4^* 4 SUai, 3^(40)3 43^ 444 34, 34(40)3 334 343^11 443 4^1 4 $14. 5. 
4, P *J 444 33 (ridge) *J3s 434^ 34 444 43 n^ 44# 4E^1*4 3433 431 4E S14. 
^ 434 3 3 434 34 4 34. 
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*H^*H, 71* (40) 43 3334 S"4*(M)3 *§433 44. nil #4#(M)* 34(40) 43 

3 334 n3 44# 4^3 4 (42), n3 #3H#(44) 4 £4* (wave guide layer, 46) AS 4333 $14. 
n3 444 4^3*(42)* III-V^ 34# 444 4i3*i^3, n-GaN*4 33 44344. ZL€\JL n 3 €3 
H*(44)* ±33 34S tt^l^CAl)* «-fr*Hrn-Al x Gai. x Nt(^l1, 0< x<0.2) 4*4 33 44344, 
4*<y 4 $1^3, 3# 44 AlGaN*4 GaN*i>-3 434 ^3 7} (super-lattice)*^ <r $14. 3*334 n3 
43H*(44)* 4 #(40) 44-°^3 # EE 2)^44 ^ Sife 434 33 44^44. #4 „3 43 
E*(44)3 3f*flfe 0.5^-1.7^3^34. 33, ^3344 33 4^3 44±7l- 433 ij=fll<?lolc}. n ^ 
43h*(44)* #71 4 ££t 3 ±44 4 5ftfe ^34 33 44344 ^3* 3 4S-4 4± 4* SIS 43 4 

£.3 tti^l 433 iJ=344 #<£ 4 43 4^ 3 5L4 4^-3)51-4. n ^ #3^*(44)3 "3^ *33 333 
43£S3 434 n^iL4 14 ^34 334. 34 43 #3^*(44)3 ^Tfl 4^3 34(40) °- 

33 4S-H *44 3±44 ^ $13 44. n3 5l4*(46)* III-V^ 34# 44# 4i3*°-S3, n-GaN*4 
30] 4^344. 511 °1 ^ * ^1 «r n3 #3*(M) 43^ 43*(48)3 3333 $1^3, «3*(48)* 4# 44 4# 
4±* £fe #3*4 33 flf^*^, HI - 444 444 4^3*33, ^ ^3351 3f-(In)4 ±33 343 
444^ InGaN*3 33 34 44344. 3L4, 44*(48)* 34 43 4*H $l°-4, 3l 33 33 433 
ofl^ 434 aj.^ ^ 4^ sl4. 33 34 43* 44 43333 4343 4344°-E-S 3444. 43 
#(48) 43 34 44* (50) 5 P 3 £4* (52) 3 ^-jis ^s)°l $14. 6 H, 44 44* (50)* 44 44 
s-lrir ^oi 7l %n &.%ei\ Hl-i-s. °i^Di^^- 444fe AiGaN*4 44^44, ^1 ifl^l ^13 4^H°M 4^ 

4 44 4* 4^ 4^1- 4^ #(5, 6)« ^ 44. P *§ £4^(52)* ^ P *§ 4 ^ £4 
#(46)4 ^4 #^*^14. 44, a 4 £Hsf 4°1^°1 5Ufe 4^4^11, <4# # 
4 0,i5/im~0.2^£4 44^144. P ^ £4#(52) 4«Hl P ^ 44* 4£31#(54)<>1 SI4. P S 44# 4 
£*fl*(54)£ JEfl #4°1 P ^4 *\]2\*}3i 44# 4£^i#(42)4 ^4 #4*4 4t^!44. 44, 
p*§ 44«- 4£^1*(54)* ^ p^§ 44( D 1^1)°1 ^wl^S-S. p ^ £4#(52)a.4 ft>H *M 471 
7-1 44 #7)1 4 3°1 44^144. 

d 14 4 6 1, * 4^s] ^14 4^HH1 34 3fl°]*l 4 0 liS-fe p S #4*^1 P ^ #5flH## 4«14^1 Stfe ^4, ^|e1«H 
4^#, € ^7> 44*3 44 Si-ir-i: «4 *<>1ji #Bflsi n ^ «2flH#iL4 ^» 14 t^tII 4 n^g «HflH#* 
4^1 44. 



p ^ #EflH*( p -AiGaN)2l 4^*4^1-4^1 m ^m^s. Jl* *W°]5L, B.*8 4^*^444. 
^431, P ^ #HflH## 4H1471 ^* ^-^4 £4 4^ 7>^4<^ 4^4 

4 <r SIS, 4^*(48)S1 4^ ^4* 4^14 44. ^, 44#(48)4 4^, 4^4^ 4^ 4 (mismatch) o) e p 

^ #Bfls.*-§; 4^14^1 8*4^^1, ^ 0 l7-l 4°15.h 4313 ^S5fl4# «^ ±43 4*14 ^ SI^, ±43 
714 S ^4 444 443 ±7>3 43^4 4 44. a, P ^ #HflH#* 4344 ^4AS3 -fl4fe +*m°d 
44 44 42flH## ^-^711 4 4 3X°\ 44 44AS3 4 as *44 #«a 4 $13 4^4 4 2.^4 444 
4344 24 4 44. 



»i«n 714 44AS3 4 *44 #4 4 4^ #Hfls#sl ^14 3*11 14 4333 ^ 44 

4144 HEH ^333 «fl^43, 334 44* £ 12* 4£4AS4 34 ^3344. 

4313AS., £ 123 (a) ^ (b)£fe 44 ^3 % 4 433 34 4333 34 333 43£s-i 434^ #3# 
si 414^1 »a= 433 ^3^3, ^33 n3 43h#s1 4414 4— (E nc )a.4 4 433 n3 43Hf^ <flH4 
«l£(^ c ') #3 44 ^* 34 4 t $14. 443, *33 4*> 7>^#si 6\]^t] ^=(e eb )3 343^ 4 433 
47} 44*3 333 fc( E eb ') 443 *33 P ^ #3h#s} 4^(E pc )3 344 *r $1^ 333 4^7} 
4443 ^44 4 4 $14. 4a^^ E mqw 3 En qw '* 44 ^3 4 * 433 34 4^ °M *# 4£# 4^ 4 
a^o] onuj^i «HHir-fr 4444. 

< 43 3 > 
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44, 4714 £ 4^2] *il4 34 5IH4 4°1££2] 4444 ^Bfl 444 4£ ^* 4*1 4£ 4. 

ol 4^4 37fls] 5)H4 401^ = ^ tfl^o.s. *I44Si>-4 4 3H4 4°li^5^ 4£4s 4*1* f-*H 4o]4 

4 f£Hf 44 £-71 ^44 ^± (complex) TMM (Transfer Matrix Method) * ol44^ 4^43. °H 443^ 4 
£HS} #ol4* 4 AH 7)144£4. 

4 4^°11 444 37Bfil eflolx-j 4oi5LH5 ^°114 *m 3H4 40] 4 <=^ 7> Oi5/fln oi n ^ p ^ #sfls.* £ 

ft 4^144 p t§ £4^3] f 4a>H 4 3JoU, 42 3H4 4°1££^£ #2fl^# f^H 0.5^DI fulfil 

t-5fl = *4-l: 4«144 P ^ £4*3 ¥*l*r 4=711 4 4°14 43 sfl 4 7ii2 3H4 4oii=S4 4 

<a4 ?H4 #2fls*s] ^ 4# i.o^s 4 4°14. 

£ 134 471 41 AM 4 4ol££^4 ^*Kr 4 #4*#2l #4-S 444 3 0.^4, 4^** f4J ^4 

n^g 4 p^ 43 «]Jf- l-^ofl rfl^ £i4* 4^H £*14 4ol4. 

£ 13°1H f£fl Ri4 «-^$4| tfl-g-Slfe #4«-§- 44^, Rnl S Rpl4 44 n*g ^ p^ £4*°11 ifl-g-£|fe 

44^4 Re^r 44 44*<1 tfl-S-Slfe ^414: 4444. 21, #3=-¥-± Rn2 S Rp2fe 44 nl ^ pD € 
5fiH*o11 tfl-§-Slfe #44* 44^fl 4 Rn3 ^ Rp3fe 44 4 pH 441" 4£*H*°ll §41:* 444 

4. 

£ 13* 4*11 «43* 4^3 ^44 45.^ 4*3* 0.^43 n ^ £ P S 441" 4£*H*4*1 £43^L ^"Mfe £ 
i-i a. ol Jl 5l-§-ir 4 ^ 44. 44, ^lsi°J 3£ 44 44*3 §4»(Re)44 °1 §41-4 n^§ 4 p^ #2flH^ 
Si ^4#(Rn2, Rp2)ti.4£ 44. 

44, 4 4^1*1 ^^44 aiM*l E}°liH 4^-1 41 344 47l *Hi ifl4 ^13 51M4 401^.^5^ 4°1^ 
4 f£Hf 44484. 

£ 14^ ohi 44 141- 41 44 43 5llol7-i 4o]iLH5 ^s. 44^ aeflst^, 4s ^1 ■, • « 44 
Till vfl4 ^3 ellolxi 4oi5.c^ofl tfl4 6is. ig^i. 44vj aeilsi-014. £ 14* ^ois^- 7 >4 htII ^-fr 
Slfe p^ ^4#3 4 efloH 4°1^^^ 4S43. ^2:°11 44 «:4^* =r $14. 

£ 141- 4^44, ^ P ^ £f ^14^ Tin ^1014 4ol^HS2i ^.f , p ^ £4*si f 

^14 0.12/an ^£°4 ^ ^ ol^ol ^40^, p ^ #EflH#* i4*W ^ »l2 ^ 43 eflolTj 4oli = S4 ^-f , 
£.4^0] =^ 7 |. o.l5//m~0.22,tfln, 4t^47fl^ 0.2/an^£°114 4 0 l^ol ^tfloj-i: 4 ^ °14. 

£ 15 ifl^l £ 17£ 44 P ^ £4*^1 ^ 4 44011 4^. 471 Tin xfl^i 7ii3 51I014 4-01 i=s4 f££ 44* 44 
4 aefls^, £f hi £4 34-g- 444 ji 4 0.4, p *§ i4*4 ^14 4^^4 ^tfl7> ^1^4 4-& f 
^1°J ^^^1 £4t^s ^14^U, ^ 4^114 ^^o)) p ^ s.^f£s 4 ^ $14. 

4 £4°1M1 4^^-^ Glmax, G2max ^ G3maxfe 44 4°14ol m°d ^^ = 1:* 4444. 

4, £ 151- 42:44, 4 1 5llol4 4°UH^2i 4^, P ^ £4*^1 ^47} o.i^<a ^ ^tflojdl, P ^ £4 

*5l f 7114 o.iwma.4 ^ ^Ml*} «fl t£H^ n ^ £4#(^44 4«?44)^s *l-f -& 4- %U, P ^ £ 

4*21 ^ 7 > 0.1^mi4 0.2/zra £^ 0.4/^oj ^ofl 42.^ p ^ ^4^(^44 ^444)^S 

5U4. 

a, £ 16 4 £ 174 4^44, ^12 4 ^13 5llol4 4°liLHSsl P ^ £4*4 O.ZimQ «fl ^ 

^4^11, pS £4*21 f^7> 01 a.4 ^ oia.4 ^4ofl^ 40^ $14 4 ^1 511 ol 4 4ol££ 
^4 ^0.4 ^Qjev s_4 4 4444^ ^ 4 =r S14. 



ol4 4ol, P ^ £4*4 ^ ^114 4ol4* 4* f 4±L4 44, 4£H7> £4*^-S ^14^1 
Til si^cfl, 0144 42i= °l ^4* sini4ji 44 401401 4^44^ 21^144. 444, 4°14 4i# 
a.447l flsfl a.4 S4 ?ll5loi (44)# 444^o> 4hs, 44 51101^1^-44 o j7il 4 = ^0] 444I 44. 
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3 4314 3-f . p ^ E^ofl^s] ^.ol=. 44,7V ^E^dl, o]e^ 44^ p ^ £4** i^tb ^Wn^ 
£4* + *^* + p^ £4*H t£H7l a^(broad)^Ai ^^ofl 4^5]^ 40} #±$7} nH£«] ^o. 3. 

i^44. 

S^^^S, £ 4H* <M§*MS<M #5L^ £4* 3^*^ #0] = * 3H*1 44°1 4^r* 4£45L 

42* 5fe *IM*I 4°15L^4 4^44^ 4* £^ fl^U. #2fiH** ;WKr fll^l n ^g 

** jos ^3tii $ 4^31 ^tt Bfloi^i 4oi^<a* g ^ saa4. P ^ #^** ^17^0.^, *h 

X] 40I ^H^l 431 iH^ols. 44^* 4 + 0^4 



^7} 4 ^RH 7l7|S|«H Sai^f. ^lr-& 4^ 4^Rr ?H 471^4, Hft^fl: 4 

Aiofls] oflAis.^ t^sm 44. "fl* 1-^ £ S^l ^HMi 1^ x^* 71-*! 44£, £ ^sl 

7l#^ 4#* III - 4f"# <LKE 31^1 4\1 4s 44^- iftE^^ ol-g-sv ^| 0 ]^ 40] 5.= 3_g_4 ^ 

51* ^Joiji, 4*4 4^4 4^ z)M*l 4°!^, °W2l*l $H« 7M^1- 4^14^ Bfl o] x-i 401.2. 

344 ^ XI* 3H4. 44 f^WnS #^*£l 42:4 441 ^£ $1* 3H4. <>14 

7^01 £ 4^ o} 7]it 4^ S.m$= €33 3W*1 4^1iHt 4«*Kr %o] 7}^}7] nfl^ofl tfo^ ^ 

^4 ^aHo| 3 S oi o^jT ^^^i 7l7fl 4 4*3 4iW ^l*fl m. 



44 44 2. £13 £ AlGaN/GaN^l %$o] 4^3} 3*4 4# <9*> %q ^* AlGaN/InGaN 3 ! 1*°1 4t 

$ S/tf 4* $71- #3* *M§5^ ^ S 44 ^ ans. #33 ^ii «9«HI 4*1*1-714 4 

2i*l p*§ «2fiH** 317-1 iv, ael4n^ «efl£#si ^^^^^0.5. ^Tfl * aflo]^ 4<>ljL S £fe olffi) a 
**HM ^1 4^ $7} ^-^^ cflAi ^4 4^.21 3:** ^^j #4 4£#* ^«l*fe ^l^l^ 4°Uh* 
31 ^4. # t^i am Bfl«l7i cio^Ef oi^-sfe 4^.4 7^ ^4^ $14. 



1. 4^ $7} E fe 4^ at-* 44 oi*fl t^f°£^-El £wl#s*5ife flleloi 
^ %14. 

2. °14 AlGaN/InGaN iS5)l°] fi.-* 4^ 6 M #3 3 ^*°H ^S5fl4 ^(strain compensating)^ efl 

^*o.^l ijfloix] ^o]on ^ i S ^oi 4 ci o. tj-^ai^ ^ sa^i. ^ 14 i=14 0 li» ^4fe 4 l-l*si a as 

* iM*^ m. 

3. #sfl^Sl ^71^ o.S*l, p^ 1:^#S1 i^* fec^ £^4 ^TOoj #ji #olsol ^ 7 }S\ 

££, 511^1^ 4«l^si 5ii 01 7.-1 ^4* fl^ 0J2H 4^.4 7^44. 

4. p ^ #2fl-#oi ^Hi^^i ^*^s^), p ^ #2flH#ei ^ofl ^4slfe ^14 *^*si 4 

5. 4H31 ^4^451 (lifetime) «>1 ^<>1431 p^ #5?)H*Sl 1^4 1&m *W*1 4^1^ 
HSl 7112: 4^444. 

(57) ^^1 

1. 
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0< x< 1 °14 « ifl, 

GaNTfl #S.%sL *g4£ #4#; 3! 

4?1 *^*S1 4^ g *HM 44 Al x G ai . x N*4 GaN*5] Z S\ W 44 ^*§H ^44 -fflH7> 

;* 

^J* #3.2.3. 4^r 4f 44 43 £ 44 #5L%\ £4±4. 

*i i 4°i4, 

4?1 ^£ 4^ 44 43*1-51 44 GaN ^S^cl d s^s ^ rf^ <g=^ # 

3* 44 44# 4£31 t^i4. 

^4 3. 

all 1 1M SfloH. 

In x Ga,. x N*4ln y Ga,_ y In x Ga,_ x N*4Al y Ga,. y N*sl 3*, In 8 Ga,. x N*4 I 

n y Al 2 Gai. y . 2 N#s] In x As y G ai . x . y In 2 G ai . 2 In x Asy Ga, . x . y N#4Al y Gai. y 

N#sl 3*f-3"Hii«;3* 0 l 4^S| o^Va^sH %o]5L. 0<x< 1°U, 0<y< 

1<>1J1, 0^z< lo]SL, x +y< y+z< 14 3* ^-2-3. 4fe 4* 44 43 £ 44 44* 4£*l) 44^4. 

^ 1 * H14 ail 3 * f <H^ 4 4°fl Sfl°W, 

0< x< 10] jL, 0<y< loH,x>y4^ n fi,47l 4^ 44 43^-fr 47) AlxGal - xN*4 Al y Gaj. y ^ 
* 4 4 * 71 AlxGal -xN*#2l ^„ # 4=7,1 «M <8^3fe 4^ 44 4^1-51 4|u|4 4iMl *§^4 34 

4^ 4^ "3=4 43* 44 4£31 44^4. 

4 l 4 ^4 *fl 3 * f 1 4 1M sa*H-H. 

0< x< I^IjI, 0<y< PH,x> y4 4 

471 4^ "9=4 43 4^1 Al x G ai . x N*4 Al y G ai . y 44 47l GaNf-1^ ^1# 4JM 

4^ 44 4313 «flt|4 45711 «§44 4* *Rr 4^ 44 43* 44 ^44 4^4 

44^4. 
4^4 6. 

^1 l 4 U14 *H 3^<HJ= 4 4°fl £M4, 
0< x< lolal, 0< y < iol^, x> y eft«l 
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#4 4* 44 4^*£ 4?1 Al x Gai. x Al y G ai . y 3^§- 44 Aj- 7 ] Al x Gaj. x N##3 Al44^fr 4 

= 4 *M <8^S|fe 4^ 44 43*3 dflu^l t|.s>|| $4$ 2£ a^l^S. *Rr 4^ W 43* 44 ^4 

1- 4£31 44^4. 

^4 7. 

*l 1 4 ifl*l *)1 3 4 & «\± 4 *°l £M4, 
0< x< 1°14 431, 0< y±S 1°14 * n fl, 

^7] 4* 44 43 Al x Ga,_ x N*4 In y Ga,. y 3** 23 °14 44 3*4°) °W*1 H lH7]- 4 

^7flsl 4^ 44 43 4^4 4^is. *Rr 4^ W 434 44 45L31 44^4. 

*l 7 4i sa*H-H. 

#71 4^ 44 43f^ Al x Ga,. x N*4 In y G ai . y Nf^ 44 $7] Al x G ai . x N*»Sl ^» 4^ 

711 *H W%*= 4? 44 431:3 ^# 4=t1) ^4 3* ^ 4fe 4^ 44 43* 44 44# 
45L*fl 44^4. 

4?1 4^ 44 43*£ 4/1 Al x Gai. x N#4ln y G ai . y N#3 44 4?] In y G ai . y N*l^ ^» 4iMl 

*M 4^ 44 43*3 oflui^l §Jfl» 457)] 1^4 3* s-^l 0.3. 4^ 4^ 44 4«^ 7}£ * 

£31 44^4. 

^4 10. 

* 7 4i SH4, 

44 4^ 44 43 4£ ^ v 7] Al x Gai. x N*4 InyGai. y 44 #4 Al x Ga,. x N#l^ Al 444 4 

= 7fl 4^ 4^ 44 43*3 iujxi 4^1 tg^*v 34 ^o. 3. 4fe 4^ 44 43* 44 «4 

# 4£*fl ft#i*>. 

11. 

714; 

471 714 ^li 1^4 4 4#°1 «H4fe 4^#; 

471 7144 471 AMI SI si, 471 714 4£4* 4*14^4 4«14 #2flH## s. 

44^^1°H 1 *^4n^ #4^; 

471 4°)1 £4*U5L ^«14 711 5) ol 43#, P ^ £4# S P ^ 4£^1*; $ 

471 4^#o.ssi ? HeH s^xv^ 444# ^44fe S P ^ 4^;* ¥^14^ 3* ^8 £3. 4^ 4 
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St 7 "* 12. 

4 ii *j-°h 5a°H, 

#7l n ^ 

#7l #HflH^4 #71 m% 4°H 3 

s^l 0.5L S>fe HVS^ll £#^4. 

13. 

* n#£^^ 12 #i sa°H. 

#71 4^ <$4 ^#(MQW) £tt III-V^ «i- SKSUIIf^ 3* ^io £ Sfe 

14. 

*| 11 4 £fe A) 12 *<H1 5U°H, #71 n^§ €2flS-*sl ^fe 0.5<«~1.7^ 3* ^S-S-S *>fe £51*11 « 

St 1 * 15. 

^ 11 #i Sfl°H, 

#71 p ^ £.4*^1 sp^fc #£H2f 2|tfi7> 5|*r 0.15^~0.22/an<ti ^§ ^ESfl 

£4. 

St 1 * 16. 

4 ii 5U°h. 

#71 ?11 eH #^*-& 4<a* afe 4<f 44 #«^<y ^.g. s^iii ^ bv e ^i ^-g-^4. 

S^* 17. 

4 16 4<i Sl^H, #71 4f= 44 #^^-& #71 Al x Ga,. x N*4 In y G ai . y N*(0< x< 1, 0< y< 1)2) ^# 
44 #71 InyGal -yN*!-^ ^ m 4= Til *M S^tt 4^ 44 ^#3) o^*! 53 # cfe^ 3^$. 3^ s. 

^£ 4^ 45131 ^#^4. 

St 1 * 18. 

31 16 SfloH, 

#71 4f= W #^#£ #71 Al x Gai. x N#4 In y G ai . y N*(0< x< 1. 0< y< 44 #7l AlxGal - 

xNtt^ A, M * 4 = t11 4^ 4# 44 #^#sl °im4 §^1- 4 = 711 ^4 ^-g- ^ o.s 4^ ^4 

# 4£*11 44^4. 
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19. 

^1 11 1H1 sa«H^, -*7l £4* S -8-71 P H ^# B J:i^l#^ *3*°1£|, p^ «J:^1*^ £^ 
20. 

Jfl 11 *M 7l«* A}3Hol 71*. WSlC). ^^(Si), 2f-«l±(GaAs), Sf" ^H-EeM t= 

(GaN) ^ °}<S ^#(ZnO)S o^o^ ^ ^i+oi 3^ «V E ^ m}-^^ 

£^ 

'.-'.'1 1 



p-GaN 
p-AI xGai-x N 



n-GaN 



4 

3 

1 

2 

2 (In y Gai-yN) 
1 (In y Gat^ N) 
4 
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4(p-GaN) 



3(p-AI z Gai-zN) 

1 (In xGai-xN) 

2 (In y Gai-y N) | 

1 (In xGai- x N) 

2(ln y Gai-yN)| 
1 (In xGai-xN) 

4(GaN) 
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/ 



^p-MQB 



InxGai-x N/ln yGai-y N s 



I InGaN/GaN } MQW 

I GaN/AIGaN I 



— 9(n-GaN) 
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— 9(p-GaN) 



I InxGai-x N/ln y Gai- y 

I InGaN/GaN } MQW 

I GaN/AIGaN J 



r 



>n-MQB 
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>p-MQB 



-8(p-GaN or p-lnGaN) 
-7(p-AIGaN) 

r5lnxGai-x N/ln y Gai-y N 
6 

£ InGaN/GaN 
^ GaN/AIGaN 



n-AIGaN/n-GaN 
J>n-MQB 

n-AIGaN/n-lnGaN 



9 
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InxGai-x N/!n yGai-y N) 
I InGaN/GaN fMQW 
GaN/AIGaN J 
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AIN 
AIGaN 

AIGaN 



Eeb 



-nc 

S 



GaN- 1 

InGaN 



Emqw 



If 



E'nc 



Ekb- 



Ei ' 
mqw 



If 



InN 



(a) 



(b) 



2.65 
2.60 

mini 
flu 

2.50 
2.45 



F 

J 

• Rn3 R , n1 


- 

Rpi 


I Re — 
Rn2 

1 1 1 l i I i_ 


s 

R P 2 

_J . L . 
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